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ABSTRACT 
The objective of the present study was to explore the relationship between overweight 
infants and gross motor development at six months. A secondary purpose was to determine 
whether gross motor development varied according to sleep position. Eighteen mother-infant 
pairs participated. Motor development was assessed using the Alberta Infant Motor Scale 
(AIMS). Sleeping position was determined by maternal report based on the position in which the 
infant awoke. At six months, overweight infants scored lower (worse) on the AIMS test than 
normal weight infants, even after controlling for sleep position. Infants who slept in the supine 
position scored lower on the AIMS test than those who slept in the prone position. Results 
suggest that infant gross motor development may be related to weight status at six months and to 
sleep positioning. 
 
Keywords: overweight, infants, gross motor development, sleep position, Alberta Infant Motor 
Scale  
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Chapter 1: INTRODUCTION  
Childhood obesity has become an epidemic (Wilkinson & McCargar, 2008). According to 
the World Health Organization (WHO), as of 2010, 42 million children under the age of five are 
overweight (World Health Organization, 2010) and in Canada, the rate of obesity in children has 
tripled in the past 25 years (Government of Canada, 2011). The World Health Organization defines 
an overweight child up to the age of 19 as having a body mass index (BMI) over 25 kg/m², and an 
obese child as over 30 kg/m² (World Health Organization, 2010). There are serious concerns for the 
short term adverse health effects that accompany children that are overweight and obese, as well as 
the long term effects (Reilly et al., 2005). The short term effects include health issues such as type-
2 diabetes and stroke. They have been increasingly diagnosed amongst children due to excess 
weight (Ruager-Martin, 2010). However, it is the long term effects that are contributing to the 
epidemic due to a perpetuating cycle. It has been shown that childhood BMI is associated with 
adult adiposity (Freedman et al., 2005) and being overweight during the reproductive age for 
females. Overweight mothers prior to pregnancy are more likely to give birth to overweight infants 
(Frederick et al., 2008) and childhood obesity is positively correlated to maternal pre-pregnancy 
BMI (Ruager-Martin et al., 2010). The cycle continues as “the present generation of overweight and 
obese children becomes the next generation of adults” (Wilkinson & McCargar, 2008).   
The increase of infants (birth to two years) being overweight, over the 85th percentile of 
BMI based on the World Health Organization (Wilkinson & McCargar, 2008, is likely due to 
multiple factors. Two factors are considered to be prenatal and are attributed to the mother. A pre-
pregnancy BMI above 25kg/m² prior to conception is more likely to result in an overweight infant 
(Frederick et al., 2008). Secondly, the Institute of Medicine (IOM, 2009) released recommendations 
as to how much weight should be gained during pregnancy based on pre-pregnancy BMI. A woman 
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who gains excessively is also at risk of having an overweight infant (Crozier et al., 2010). Post-
natal factors can also increase the risk of having an overweight infant, such as the duration of 
breastfeeding and the timing of the introduction of complementary foods. According to the World 
Health Organization (2012), it is recommended that infants are exclusively breastfed for the first six 
months, to decrease the risk of childhood obesity. At six months, the introduction to 
complementary foods can be provided (World Health Organization, 2012). Having an overweight 
mother prior to pregnancy, gaining excessively during pregnancy, exclusively breastfeeding for less 
than six months or introducing complementary foods prior to six months, or in combination, 
increases the chances of the infant being overweight (World Health Organization, 2012).  
While increased health problems may occur in overweight infants and children, infant 
development may also be affected. Few studies have been conducted regarding overweight infants 
and the rate of gross motor development. Two studies reported that overweight infants had gross 
motor developmental delays (Jaffe & Kosakov, 1982; Slining et al., 2010). Although these studies 
provide evidence of the association between overweight infants and slower maturation of motor 
skills, methodological limitations, such as missing data, and low reliability were present (Jaffe & 
Kosakov, 1982; Slining et al., 2010). Another factor that can contribute to a slow maturation of 
motor developmental skills includes sleep position. Infants who sleep in the supine position tend to 
have slower motor development (Majnemer & Barr, 2006).  
1.1 Purpose 
The main purpose of the present study was to explore the relationship between overweight 
infants and motor development at six months. Secondary purposes included the exploration of the 
relationship between motor development and infant sleeping position at six months and whether 
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both pre-natal and post-natal factors affect infant birth BMI and infant BMI at six months and 
whether these factors affect motor development at six months of age.  
1.2 Hypotheses 
It was hypothesized that overweight infants would score lower on the Alberta Infant Motor 
Scale (AIMS), a developmental test, than normal weight infants at six months of age. Secondary 
hypotheses are as follows: 
1. Infants sleeping in the supine position would score lower on the AIMS test.  
2. Mothers who had a pre-pregnancy BMI above 25 kg/m² or mothers who gained more 
than the recommended amount of weight during pregnancy would have heavier infants 
at birth and at six months. 
3. Exclusively breastfed infants until six months would be leaner than those who were 
formula fed. 
4. Infants who were introduced to complementary foods at six months would be leaner 
than those who were introduced to these foods at an earlier age. 
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Chapter 2: REVIEW OF LITERATURE  
2.1 Growth Charts 
2.1.1 National Center for Health Statistics (NCHS) 
An important tool for the assessment of health and wellness in infants is the use of growth 
charts. Growth charts reflect the normal growth patterns of an infant or child using weight and 
length data (Kuczmarski et al., 2000). In 1977, the National Center for Health Statistics (NCHS) 
conceived growth charts for each sex in the United States. The growth charts used the 
measurements of children from the age of 2 to 18 years old. Due to a large population of infants 
below the age of two, the NCHS created another chart for those below the age of 36 months.  
However, many criticisms were made regarding the validity of the tool. The data collected for the 
birth to 36 months chart were comprised of white, middle-class infants who lived in Southwestern 
Ohio during the years between 1929 and 1975. This sample was representative of a small region 
and not representative of the entire country. Additionally, the infants included in the sample were 
primarily formula fed, which was not representative of a healthy breastfed infant. A breastfed infant 
is considered to have a favorable growing environment, and should be used as the standard for 
growth (Kuczmarski et al., 2000). 
 2.1.2 Center for Disease Control (CDC) 
 In 1978, the Centre for Disease Control (CDC) modified the NCHS growth charts into a z-
score format, which was later adapted to the charts that are currently in use in the United States. A 
z-score format uses standard deviations above or below the mean to express differences. In the year 
2000, the CDC updated the charts by using five surveys conducted from 1963 to 1994, throughout 
the United States. Similar to the NCHS data, the infants used in the sample were primarily formula 
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fed (de Onis et al., 2007). Charts were also available in percentiles (Figures 2.1 and 2.2). Infants 
above the 85th percentile were considered to be at risk for being overweight, while infants above the 
95th percentile were considered to be overweight (Centers for Disease Control and Prevention, n.d.). 
 2.1.3 World Health Organization (WHO) 
The World Health Organization (WHO) designed a study to produce its own growth charts 
to reflect breastfed babies and have an international reference (World Health Organization, 1999) . 
The WHO Multicentre Growth Reference Study (de Onis et al., 2007) consisted of a sample 
(n=882) of infants from Brazil, Ghana, India, Norway, Oman and the United States.  Data were 
collected from each infant 21 times until the age of two years old (de Onis et al., 2007). Mothers 
included in the sample consisted of those who planned to predominately breastfeed for at least four 
months, and continue to supplement feeds with breast milk until 12 months.  Complimentary foods 
were introduced by six months. The WHO wanted a sample of single term infants who were in a 
favorable growth environment, which excluded mothers who were smokers.  The final sample 
consisted of 882 births that were used to construct the birth to two year old charts based on gender 
(Figures 2.3 & 2.4) (de Onis et al., 2007). The charts use body mass index (BMI; a ratio of weight 
to height [kg/m²]) to determine whether an infant is overweight. On the chart, an overweight infant 
has a score above the 85th percentile, or two standard deviations above the norm (Wilkinson & 
McCargar, 2008). An infant with a score above the 97th percentile, or three standard deviations 
above the norm, is considered to be obese (World Health Organization, 2008).   
 
 
 Figure 2.1 Centers for Disease Control 
girls from birth to 36 months 
Centers for Disease Control and Prevention. 
http://www.cdc.gov/growthcharts/clinical_charts.htm#Set1
 
 
and Prevention (CDC) weight-for-length growth charts for 
. Accessed on April 20
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th
, 2012.  
 Figure 2.2 Centers for Disease Control 
boys from birth to 36 months 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Centers for Disease Control and Prevention
http://www.cdc.gov/growthcharts/clinical_charts.htm#Set1
 
 
and Prevention (CDC) weight-for-length growth charts for 
. 
. Accessed on April 20
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, 2012.  
 Figure 2.3 World Health Organization growth charts for 
 mass index (kg/m²) 
 
 
 
 
 
 
 
 
 
 
Figure 2.4 World Health Organization gro
body mass index (kg/m²) 
 
 
 
 
 
 
 
World Health Organization. 
http://www.who.int/childgrowth/standards/weight_for_length/en/index.html
10th, 2012. 
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2.1.4 Comparison of World Health Organization and Centers for Disease Control and Prevention  
Growth Charts 
The primary difference in the WHO and CDC sample population was the feeding practices 
of the infants measured. The different feeding patterns of breast milk and formula affect the growth 
trend of the infant (de Onis et al., 2007). Formula fed infants are typically slower in growth during 
the first six months of life, and subsequently growth starts to accelerate (de Onis et al., 2007). 
Breastfed infants are the opposite; they are rapid in growth during the first six months of life. 
Therefore, by comparing the two charts, prior to six months, the CDC chart line is suppressed as a 
result of the slow growth rate of formula fed infants (de Onis et al., 2007), while at six months, the 
lines intersect. After six months, the WHO chart line exceeds the CDC line (de Onis et al., 2007). 
The main issue when the CDC charts were used was the comparison of a healthy breastfed infant to 
a formula fed infant. A normal weight breastfed infant was considered to be underweight after six 
months, since growth decelerates after six months compared to a formula fed infant, However, an 
underweight infant was not a good assessment since a breastfed infant is in a favorable growing 
environment (de Onis et al., 2007).  
 In the present study, the WHO charts were used as these chart lines were based on optimal 
growth of a breastfed infant (de Onis et al., 2007). The CDC also recommended switching to the 
WHO charts for infants zero to two years old because their charts do not represent an infant born 
from a healthy, optimal environment (Centers for Disease Control and Prevention, 2010) .  
 
 
 
 2.2 Factors that can contribute to an overweight infant
2.2.1 Pre-natal factors 
A predisposing factor to infant overweight status
In one study, anthropometric measures of 2,670 women were 
gestation. Infant anthropometric measures were 
was found that pre-pregnancy BMI 
weight (Frederick et al., 2008). Not only does 
infant to being overweight, weight gain during pregnancy has been shown to have an effect on the 
infant. In 2009, the Institute of Medicine 
the pre-pregnancy BMI of the mother (Figure 
gained more than the recommended amount 
at birth, as well as throughout childhood
Figure 2.5 Recommendations for weight gain during
body mass index (kg/m²) 
 
 
 
 
 
 
 + To calculate BMI go to www.nhlbisupport.com/bmi/
* Calculations assume a 0.5–2 kg (1.1–
Abrams et al., 1995; Carmichael et al., 1997)
Institute of Medicine 2009. http://www.iom.edu/~/media/Files/Report%20Files/2009/Weig
During-Pregnancy-Reexamining-
%20Weight%20Gain%20During%20Pregnancy.pdf
 
 
 is the pre-pregnancy BMI 
measured prior to 20 weeks of 
evaluated from medical records following birth
was independently and positively associated 
overweight and obesity pre-pregnancy 
(IOM) published guidelines on weight gain
2.5) (Institute of Medicine, 2009). 
were more likely to have infants with higher fat mass 
 (Crozier et al., 2010).  
 -pregnancy based on pre-pregn
 
4.4 lbs) weight gain in the first trimester (based on Siega-
 
the-Guidelines/Resource%20Page%20-
. Accessed on April 10th, 2012. 
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2.2.2 Post-natal factors 
Exclusive breastfeeding until the age of six months has a protective role against childhood 
obesity, which may be explained by two mechanisms (Gillman et al., 2001). Firstly, a breastfed 
infant learns self regulation. When they are full, they stop eating. The mother adapts to the baby’s 
self regulation process by learning his or her schedule. An infant who is formula fed might not learn 
this process. The parents measure out a specified amount of formula. While the infant might be 
satisfied, they may continue to drink until the bottle is empty (Gillman et al., 2001). The second 
mechanism involves insulin. It was found that breastfed infants had a lower serum concentration of 
insulin compared to infants who were formula fed. Insulin is the hormone responsible for fat 
storage, therefore, breast milk may help to prevent infant obesity through an attenuation in insulin 
secretion (Gillman et al., 2001).  
The WHO defines complementary foods as “family foods” (World Health Organization, 
2012). The WHO suggests that the transition to complementary foods and not just exclusive 
breastfeeding should occur at six months, but thereafter should still be supplemented with breast 
milk until two years (World Health Organization, 2012). Whether the introduction to solids prior to 
four or six months affects infant weight gain has been debated. Baker et al. (2004) (n=3768) 
reported that an infant fed complementary foods prior to four months gained more weight between 
birth and one year than those fed complementary foods after four months (224.2g). Four months 
was used as the cut-off point in the Baker et al. (2004) study because the Danish government 
recommends an introduction of complimentary foods between four and six months. A second study 
found similar results, stating that infants (n=545) fed solids prior to 15 weeks were heavier than 
those given solids after 15 weeks (Wilson et al., 1998). While the studies conducted by Baker et al. 
(2004) and Wilson et al. (1998) determined that complimentary foods prior to four months of age 
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has a weight gaining effect, the WHO has since determined that the ideal age to prevent this weight 
gain effect is to introduce complimentary foods at the age of six months  (World Health 
Organization, 2012).  
2.2.3 Combination of factors 
While any one of the four factors listed above may promote infant obesity, the combination 
of these factors has also demonstrated an increased likelihood (Guelinckx et al., 2011). Pre-
pregnancy BMI can dictate the chances of initiating breastfeeding (Guelinckx et al., 2011). In a 
retrospective study of 200 women, a breastfeeding questionnaire was given between the third and 
sixth month post-partum to women living in Belgium (Guelinckx et al., 2011). The women were 
divided into four groups based on the WHO BMI guidelines; underweight, normal weight, 
overweight and obese. It was found that overweight, obese, as well as underweight women were 
less likely to want to breastfeed, or initiate breastfeeding (Guelinckx et al., 2011). Multiple factors 
were suggested to explain the decreased initiation of breastfeeding, which included lower body 
perceptions resulting in not feeling comfortable breastfeeding in public, as well as insufficient 
production of milk (Guelinckx et al., 2011). Without milk secretion, which occurs most often in 
obese women, infants cannot be breastfed and must consume formula, which does not have the 
protective role against obesity (Gillman et al., 2001).  
2.3 Prevention of high infant birth weight 
Prevention strategies are needed to impede an increased prevalence of infant obesity. Preventing 
infant obesity will limit type 2 diabetes and hypertension in adult life, but also may decrease the 
chance of a developmental delay (Wilkinson & McCargar, 2008). There are two critical time 
periods for intervention, in utero and in early infancy (Wilkinson & McCargar, 2008).  During early 
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infancy, an optimal diet of exclusive breast milk is essential until the age of six months, and then 
supplemented until at least the age of twelve months (Wilkinson & McCargar, 2008). In utero, an 
unhealthy pregnancy can create a more unpleasant intrauterine environment, which can affect post-
natal life. A favorable environment includes adhering to the regulations of gestational weight gain 
(Wilkinson & McCargar, 2008).  It has been shown by Mottola et al. (2010) that a healthy lifestyle, 
including a nutrition and exercise program, can prevent excessive weight gain in overweight and 
obese pregnant women. Regardless of maternal pre-pregnancy BMI, keeping within the 
recommendations of weight gain during pregnancy resulted in an infant within normal ranges of 
birth weight (Mottola et al., 2010)  
Prevention strategies must be put in place to promote optimal care conditions during the critical 
periods, which have significant effects on postnatal health. In utero and early infancy are critical 
periods that may program future obesity risk (Wilkinson & McCargar, 2008).   
2.4 History of infant motor development 
 Since the early 20th century, three main ideas have been theorized that could explain how 
infants develop motor skills; the maturational approach, the cognitive approach and the dynamic 
systems theory. These theories are discussed below. 
2.4.1 Maturational approach  
 The maturational approach theorized that nature was responsible for the change in infant 
development (Piek, 2006). It first began with the work of Leonard Carmichael (1926) who used 
frog and salamander embryos as a model for development. A control group of embryos was placed 
in a dish of tap water, while an experimental group was placed in chloretone, which is a paralyzing 
agent. As the control group continued to develop, a slight response was observed when an external 
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stimulation was applied to the control, consisting of a slight touch with a rod. In the experimental 
group, no such response was observed. After being released from the paralyzing agent, it was 
shown that after an average of twelve minutes, the embryos raised in a paralyzing environment 
were able to respond to an external stimulation. The results suggested that environmental factors 
were less essential to development than hereditary factors (Carmichael, 1926). 
 Gesell (1935), working in the Yale Clinic for children, began conducting research on infant 
development using film strips. This method allowed for the analysis of every component of the 
body during a movement, such as crawling. Gesell (1935), along with Carmichael, believed that the 
brain was a key component in child development. As the nervous system matured, so did the motor 
development of the infant. Gesell’s (1935) theory consisted of progressions, in that most infants at 
six months began sitting, and then infants at nine months were standing. Gesell (1935) also 
concluded that the infant developed in a cephalo-caudal manner, in that the infant matured from 
head to toe. For example, control of the eyes will precede control of the fingers. When the infant 
becomes neurologically ready, a skill will develop. If they are neurologically ready prior to the age 
stated, the skill will simply develop earlier. While he did believe that environmental factors played 
a role in the developmental changes, he did not believe that they affected the progression of skills 
(Gesell, 1935).  
 A criticism of the theory was suggested by Galloway and Thelen (2004) who placed infants 
on a seat, where there were equal opportunities to grab toys with their hands and feet. The 
observations began at approximately eight weeks of age, when the infants showed an interest in 
toys. It was shown that infants were grabbing the toys with their feet much earlier than with their 
hands. On average, the infants were grabbing toys with the feet at 11.7 weeks of age, and with the 
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hands at 15.7 weeks. This observation demonstrated that development does not occur in a cephalo-
caudal manner (Galloway & Thelen, 2004). 
2.4.2 Cognitive approach  
 A second theory was based on cognition and began with the work of Jean Piaget (1952). 
Piaget (1952) theorized that throughout childhood there are four stages of development. From birth 
to two years of age, the stage was called sensorimotor, and was broken down into six sub stages. 
The first sub stage began at birth. It stated that infants are born with schemas, which are groupings 
of knowledge. In a newborn infant, they began as reflexes (Piaget, 1952).  
During the second sub stage, between the ages of one to four months, the infants are faced 
with a situation that is unfamiliar to them. They use these schemas to understand the new situation, 
termed assimilation (Piaget, 1952). During the accommodation stage (part of the second sub stage), 
they alter their previous knowledge of their schemas to fit the new information (Piaget, 1952). This 
idea can be used to understand breastfeeding (Piek, 2006). Infants are born with a motor reflex of 
the suckling motion. This is an existing schema. Once they are introduced to the breast, they adapt 
the sucking motion in order to receive milk. This is the assimilation stage. The new schemas are 
then used for other situations, such as sucking on toys, which is the accommodation stage. They 
repeat the process because it is interesting or pleasurable to the infant. This is termed primary 
circular reaction (Piek, 2006).  
During the third sub stage, at four to eight months, secondary circular reaction occurs. In 
this stage, events do not happen by chance, but are a means to an end (Piaget, 1952). For example, 
an infant will make noises to get the mother’s attention (Piek, 2006). The fourth sub stage is a sign 
of true intelligence, and occurs at eight to twelve months. Logic and coordination begin to develop. 
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In the fifth sub stage at 12 to 18 months, tertiary circular reactions occur (Piaget, 1952). While 
primary and secondary repeat the same motion, tertiary circular reactions produce new outcomes. 
Piaget (1952) believed this was the experimentation phase. In the final sub stage at 18 to 24 
months, infants use symbols, images and languages (Piaget, 1952).  
 Similar to the maturational approach, researchers have found inaccuracies to the cognitive 
theory (Piek, 2006). Infants at approximately one month of age were given an object to stimulate 
their tactile sense. They were then shown two objects, one shape matching the previous object, and 
one non-matching. Fixation on the object was recorded. Infants were more likely to fixate on the 
object that was previously examined. It was therefore found that infants can distinguish between the 
visual and tactile senses at an early age (Meltzoff & Borton, 1979). This experiment illustrated that 
infants do not learn to pair stimuli and senses. Infants can use one sense to recognize a stimuli, that 
is different from the original sense used, called intermodal unity (Meltzoff & Borton, 1979).  This 
finding is contradictory to Piaget’s work, since he believed that infants can only use one sense at a 
time.  It is overtime that multiple senses learn to work together.   
2.4.3 Dynamic systems theory 
 The maturational and cognitive theories both assume that there is a single factor that 
initiates change in infant development. Nikolai Bernstein (cited in Piek, 2006) theorized that this is 
implausible (Piek, 2006). In Bernstein’s theory, termed the “degrees of freedom”, he questioned 
how the plethora of muscles, nerves and cells can be controlled solely by a single factor (Piek, 
2006). Based on Bernstein’s work, a new theory emerged (Piek, 2006), called the “dynamic 
systems theory” that states development is an open system and information from the surrounding 
environment can affect this system (Thelen, 1995). Development is comprised of a system that is 
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self-organizing, which implies that there are multiple components involved in cooperation with 
each other. Subsystems are defined, for example, as the nervous, or the musculoskeletal sub-
systems (Thelen, 1995) and no subsystem has priority in the advancement of development. The 
dynamic systems theory is believed to be non linear because there are periods of stability that can 
change rapidly and at any point. When a behaviour is stable, it is known to be the infant’s preferred 
state, or an attractor. If a behaviour is unstable, a new behaviour emerges. When all subsystems 
have fully developed, a behaviour can progress. This can be illustrated by the stepping pattern. 
According to the earlier theories, the nervous sub-system would have to be mature in order for the 
infant to begin walking (Thelen, 1995). However, newborn infants have shown the stepping 
movement when held in the standing position against a surface on their feet (Thelen, 1995). This 
movement eventually disappears at 3-6 months and does not reappear until the infant is ready to 
take its first steps at 8-10 months. Thelen (1995) studied this disappearance of the stepping motion 
and saw a link between the disappearance of the stepping movement and a rapid weight gain. In 
order to support the dynamic systems theory, Thelen (1995) attached leg weights to the infants who 
could perform the stepping motion. Once these weights were attached, they could no longer 
perform the movement. Therefore, while the skill is present in the infant, other factors could be 
hindering the infant from being able to perform the skill, such as a surplus of weight (Thelen, 
1995).  
 Newell (2006) added to the theory, stating that there are three main constraints that 
influence development by either influencing or inhibiting the progression. The first constraint is the 
organismic constraint which consists of physical and neurological characteristics. The second is an 
environmental constraint that features factors such as gravity and friction. The third constraint is 
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imposed by nature, termed task constraints (Piek, 2006). These factors suggest that development is 
complex and requires co-operation at several different levels in order to be successful.  
 Since the 20th century, three main theories have evolved regarding infant development; the 
maturational approach, the cognitive approach and the dynamic systems approach. While all three 
still remain a theory, in research, the dynamic systems approach has had an increase in popularity 
and has helped to provide a greater understanding of infant development (Piek, 2006).  
2.5 Tools for assessing developmental delays 
Multiple tools have been constructed in order to assess infant motor development, and to 
determine whether a developmental delay is present. The following describes the Bayley Scales of 
Development (Bayley, 1969), the Peabody Developmental Motor Scale (Folio & Fewell, 1983), the 
Taiwan Birth Cohort Study Instrument (Lung et al., 2011), the Sheridan STYCAR (Sheridan, 1978) 
and the Alberta Infant Motor Scale (Piper & Darrah, 1994), along with their advantages and 
disadvantages.  
2.5.1 Bayley Scales of Infant & Toddler Development (BSID) (Bayley, 1969) 
The BSID was first developed in 1969. The test was intended for infants/toddlers two to 30 
months of age, and focused on cognitive and motor abilities (Tecklin, 2007). In 1993, a second 
edition was published to expand the range from one to 42 months. The test takes an average of 45 
minutes to conduct, and is administered by either a trained individual or a psychologist. Three 
scales are used to diagnose the infant’s developmental stage. A mental scale evaluates aspects such 
as problem solving, and complex language. The behaviour rating scale assesses attention and 
arousal. The motor scale assesses not only gross movements but fine motor skills. Scoring of the 
test involves the grades of a pass, fail, omit, refuse or reported by mother, however, the final score 
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only uses the “pass” movements (Tecklin, 2007). The scores are then converted to a Mental 
Development Index and a Psychomotor Development Index. The average score is 100 with a 
standard deviation of 15. A score of 85-114 is considered a normal score (Connolly et al., 2006). 
The test is not cost-effective at approximately $300 (Tecklin, 2007). A criticism regarding the first 
edition was an overlap between the motor and mental scales. Depositing blocks into a cup is a skill 
used to assess the mental scale. However, this skill could also assess motor abilities. The second 
edition of the BSID attempted to make distinct differences between the scales, yet this problem has 
not been completely rectified (Piek, 2006).  
2.5.2 Peabody Developmental Motor Scales (PDMS) (Folio & Fewell, 1983) 
The PDMS was primarily used in the late 1980’s by occupational therapists (Piek, 2006). 
The PDMS tests 170 gross motor skills and 112 fine motor skills in 45 to 60 minutes. If the infant 
cannot attempt the skill, the skill is given a score of 0. A skill achieved based on the criteria is given 
a score of 2. A score of 1 is given if the skill was attempted, but was not completed according to the 
criteria. The purpose of having a score of 1 is intended to create more sensitivity to the test; 
however, the manual does not provide clear details of how to reward this point. Therefore, it is up 
to the occupational therapist to determine whether this point should be awarded, creating a more 
subjective test (Piek, 2006). According to Darrah et al. (1998), the specificity and sensitivity values 
were unacceptable for infants between the ages of four to eight months. At four months, many of 
the skills that were listed could be easily achieved by infants with motor difficulties. At eight 
months, many of the skills were too advanced that a healthy developing infant could have difficulty 
achieving the skills (Darrah et al., 1998).   
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2.5.3 Taiwan Birth Cohort Study Instrument (TBCS) (Lung et al., 2011) 
The TBCS is a recent addition to available tools used to track infant development in Asia. 
The TBCS tests 26 items at 6 months, 17 at 8 months, 19 at 36 months and 16 at 60 months. The 
TBCS tests gross motor skills, fine motor skills, language and social skills by using a 3 point Likert 
scale. A score of 3 indicates better development. A considerable limitation to the test is the TCBS is 
a parental reported test, and the answers can therefore be exaggerated, as well as biased (Lung et 
al., 2011).  
2.5.4 Sheridan STYCAR Sequence (Sheridan, 1978) 
The STYCAR sequences were first produced in 1973 (Sheridan, 1978). There are 157 items 
that can be tested up until the age of three. The items are divided into 4 fields; posture and large 
movements, vision and fine movements, hearing and speech, and social behaviour and play 
(Bellman et al., 1985). In order to obtain a developmental age for the infant, the most advanced 
item was selected for each of the 4 fields. Following the assessment, the observer compares the 
advanced item to a nominal age. The four ages are then averaged in order to calculate the 
developmental age (Bellman et al., 1985). The Sheridan STYCAR sequence is not commonly used, 
and other developmental tests are more easily accessible.  
 2.5.5 Alberta Infant Motor Scale (AIMS) (Piper & Darrah, 1994) 
The Alberta Infant Motor Scale was first published in 1994 (Piper & Darrah, 1994). It is 
intended to be used for infants up to 18 months of age and focuses on gross motor skills, with 58 
items to assess. The point system uses “observed” if the skill is demonstrated according to the 
criteria given. If the infant conducted part of the skill, the skill is considered not fully matured and 
therefore, not marked as observed (Piper & Darrah, 1994). Following the test, the least mature 
21 
 
 
 
observed item and the most mature observed items are identified for each position. The most 
mature item is the skill completed by the infant that is the highest position on the score sheet. The 
least mature item is the skill that the infant performed multiple times during the skill, and is 
considered to be a less mature skill. These identified skills are regarded as the motor window of 
assessment. One point is given for each skill below the motor window because it is assumed that 
the infant surpassed those skills and is now more mature. Points are then given for each skill 
observed within the defined motor window for each infant (Piper & Darrah, 1994). The points are 
added together to obtain an AIMS score. This score is plotted on a graph, along with the infant age 
to determine the percentile rank.   
The AIMS test is shorter than the Bayley test at less than 30 minutes, and is a more cost-
effective tool at approximately $80. A professional is not needed to conduct the test, which makes it 
more versatile. The test has been shown to have less reliability when testing infants below the age 
of four months, and over the age of 12 months (Darrah et al., 1998).  
2.6 Overweight infants and developmental delays 
Peatman and Higgons (1942) determined whether a relationship was present between 
overweight infants and developmental delays. A total of 349 infants from middle class families in 
New York or Connecticut participated. Three developmental milestones, sitting, standing and 
walking, were evaluated. These items were examined by a pediatrician at one month, bimonthly 
until three months, monthly until 12 months and four times a year until two years of age (Peatman 
& Higgons, 1940).  The absolute weights of the infants were taken and if they were considered 
heavy for their age, the article did not state how this was determined (Peatman & Higgons, 1942).  
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While there was no relationship found between overweight infants and a motor 
developmental delay (Peatman & Higgons, 1942), multiple limitations to their study were present. 
Firstly, while they intended each infant to visit the pediatrician within a small window of time, 
some infants were not seen within those parameters or within the designated time frame. This can 
give an older infant an advantage or a younger infant a disadvantage, as a result of the data not 
being corrected for age. An additional problem related to the timing of the visits was that a skill 
could develop quite quickly, therefore if the infants were examined every month, an accurate timing 
of the development of the skills may not have been found. Thirdly, only three milestones were 
considered. The correlated age for sitting was considered to be at six months, nine months for 
standing, and 12 months for walking. Prior to six months and within the time periods before a 
milestone was reached, no other milestone was assessed (Peatman & Higgons, 1942). With such a 
limited number of items being assessed, it would be a challenge to find a developmental delay. 
Jaffe and Kosakov (1982) concluded that there was a relationship between overweight 
infants and motor delay. This cohort study involved 136 infants aged 6 to 18 months all of whom 
were from welfare families. Infants born premature, defined as born less than 37 weeks or with a 
low birth weight, defined as less than 2.5kg, were excluded from the study, as well as those who 
had neurologic damage or other pathologies, such as Down syndrome. The assessment included a 
family history, a physical exam, a neurologic exam and the Sheridan STYCAR Development 
Sequence (Sheridan, 1978). A developmental delay was defined as an infant who responded to less 
than half of the age appropriate items. Svegers index of body weight (Jaffe & Kosakov, 1982) was 
calculated by including the infant’s weight divided by the height to obtain A. To obtain B, the 50th 
percentile expected for weight for age was divided by the 50th percentile expected for height for 
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age.  A is then divided by B, multiplied by 100. An overweight infant was defined with a score of 
112 to 120. Obese was considered above 120 (Jaffe & Kosakov, 1982).  
There was a loss to follow-up of three infants, who were all part of the overweight group. 
Since the loss did not include participants from both the normal weight and the overweight groups, 
this could have caused a loss to follow-up bias (Jaffe & Kosakov, 1982). There were also problems 
with methodology because they did not report who performed the testing, as well as their 
experience with the assessment (Jaffe & Kosakov, 1982). Without proper training, test-retest 
reliability could have been low and because of this, different results may have occurred for the 
earlier participants versus the later participants, since the tester could have become more 
comfortable with the assessment.  
Slining et al. (2010) suggested that there was an association between overweight infants and 
having a motor development delay. This risk assessment study included 215 low-income African-
American mother-infant dyads, with multiple assessments between the ages of 3 and18 months. 
Weight, skin-fold thickness in the subscapular, triceps and abdominal area were measured. To 
determine whether a developmental delay was present, the Bayley Scale of Infant Development (2nd 
edition) was used (Slining et al., 2010). An overweight infant was considered to be above the 90th 
percentile using a weight-for-length z-score from the CDC charts (Slining et al., 2010)  
Multiple limitations to the study were present. Firstly, the sample was not representative of 
the general population and was limited to low income African-American first time mothers, aged 
18-35 years with three month old infants (Slining et al., 2010). Secondly, a total of 90 infants were 
lost to follow-up. The methods for dealing with missing data were not discussed. It was recorded 
that as the infants aged, fewer were considered overweight. It is possible that those infants who 
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dropped out were the ones that were overweight. This could have the potential to underestimate the 
true likelihood of the outcome since more infants may have shown a developmental delay. Thirdly, 
weight was not specified except at birth. The rest of the data were presented as a weight-for-length 
z score. This is difficult to interpret since the data on length was not provided. Not only should 
weight be documented, but the average weight of the overweight infants should be reported 
(Slining et al., 2010). It was also concluded that a motor delay was 1.8 times more likely in 
overweight infants, yet there was no mention in the results where this number originated from, as 
well as the accompanying confidence intervals (Slining et al., 2010). The multiple limitations 
addressed should be taken into account when assessing their results (Slining et al., 2010).  
2.7 Factors contributing to gross motor developmental delays in infants 
2.7.1 Sleep position 
In 1994, the “back to sleep” campaign was initiated based upon the recommendations of the 
American Academy of Pediatrics (Willinger et al., 2000). It was advised that infants should sleep in 
the supine position (on the back) in order to prevent sudden infant death syndrome (SIDS) 
(Willinger et al., 2000). SIDS accounted for 1 death in every 1,400 infants over the age of four 
weeks. It was found that infants who slept in the prone position (on the stomach) and died from 
SIDS had abnormalities in the function and arousal of the autonomic nervous system (Willinger & 
Marian, 2000). As well, there was an increased risk when face down, in that infants were re-
breathing air that was rich in carbon dioxide (Willinger & Marian, 2000). While there was a decline 
in SIDS following the back to sleep campaign, researchers were beginning to observe a difference 
in the rate at which infants were developing motor skills (Majnemer & Barr, 2006). Infants sleeping 
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in the supine position were attaining their gross milestones, such as rolling, sitting, and crawling at 
a slower pace (Majnemer & Barr, 2006).  
Majnemer and Barr (2006) compared the supine and prone sleeping positions to determine 
whether the supine position would delay infant development at four months and six months. In 
order to assess motor development, the Alberta Infant Motor Scale and the Peabody Developmental 
Motor Scale were administered (Majnemer & Barr, 2006).  
 In order to determine their sleep position, parents were asked what position the infants were 
consistently placed in when put to sleep. However, infants were excluded if the position was mixed 
or inconsistent. Therefore, data were also excluded if side sleepers were recorded. It has been found 
that side sleepers can be grouped with the supine sleepers, and termed the non- prone sleepers 
(Ottolini et al., 1999).  
 All sleep position data were used based on the caregiver’s preferred sleep position. It was 
reported by Davis et al. (1998) that at four months, the position that the infant was placed in at 
night will most likely be the position that they will awake. However, at six months, infants begin to 
roll over. It is at that time that they begin to choose their own sleeping position (Davis et al., 1998) . 
Therefore, an accurate way to assess their sleeping position would be to use the position in which 
they awake (Ottolini et al., 1999).   
Overall, it was found that those who slept in the supine position were more likely to have 
lower scores on the developmental tests (Majnemer & Barr, 2006). Sleeping position was defined 
as the position the infant was placed in for more than 70% of the time. This was extremely evident 
in the six month group, where 58% of the supine group scored at least 1 standard deviation below 
the norm. The infants were reassessed at fifteen months of age. A statistical difference was not 
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found in their development, however they did observe that the prone group was significantly more 
likely to walk, and walk up stairs (Majnemer & Barr, 2006).  
Another study found a correlation between sleeping patterns and gross motor development 
using the Taiwan Birth Cohort Study Instrument (Lung & Shu, 2011). The random sample 
consisted of infants in southern Taiwan, born between October 2003 and January 2004; 1783 
infants measured at six months, 1680 were measured at the 18 month follow-up, and 1630 were 
measured at the 36 month follow-up (Lung & Shu, 2011).  The caregivers were asked the question 
“What is your baby’s general sleeping position?” However, this did not indicate whether it was the 
parent’s preferred position or the infant’s preferred position. At six months, it was found that 
infants who slept in the supine position were delayed in gross motor development, as well as with 
their fine motor skills (Lung & Shu, 2011). While no difference was found at follow up at 18 and 
36 months, it was not indicated whether those who chose not to participate at the follow-up were 
part of the delayed group at the six month testing (Lung & Shu, 2011).  
Sleep position may have an effect on infant development due to muscle growth. It was 
shown that infants sleeping in the supine position lagged in skills that needed the use of the upper 
trunk, such as rolling prone to supine and tripod sitting (Davis et al., 1998). Infants sleeping in the 
prone position have more time to develop these muscles, and therefore gain more strength in their 
upper body (Davis et al., 1998). Therefore, it is the supine sleepers who showed a slower 
maturation of their gross motor skills.  
2.7.2 Head circumference 
According to Nishi et al. (1992), an infant from four to 18 months has a constant average 
head circumference ([cm]³/body weight [g]), with a standard deviation of about one. However, it 
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has been shown that body weight and length are factors that can influence this number (Nishi et al., 
1992). Illingworth and Eid (1971) found that head circumference was highly correlated to body size 
at six months; therefore a bigger infant is more likely to have a bigger head. It was also shown that 
females are more likely than males to be overweight if they have a bigger head circumference 
(Illingworth & Eid, 1971). If the infant had a slower developmental score and had a normal head 
size, it is possible that the infant simply had a slower maturation rate, and could potentially catch up 
(Illingworth & Eid, 1971). 
3.8 Summary 
A healthy and optimal environment for infants has been defined as beginning pre-natally 
with a maternal pre-pregnancy BMI in the healthy range (below 25 kg/m²) (Frederick et al., 2008) 
and gestational weight gain within the Institute of Medicine’s recommendations (Institute of 
Medicine, 2009). The healthy environment continues post-natally with exclusive breastfeeding until 
6 months (Gillman et al., 2001) and the introduction of complementary foods at six months. These 
optimal growth trends are shown in the WHO growth charts as guides to assess health and wellness 
in infants. The WHO charts are considered to be the standard for young infants because the charts 
are based on optimal growth of a breastfed infant (de Onis et al., 2007). 
The literature would suggest that infant development is not controlled by one system but by 
a combination of factors as stated by the dynamics theory (Thelen, 1995). It is not only the central 
nervous system that is important, but the musculoskeletal system as well, and other subsystems 
(Thelen, 1995). Overweight infants are at increased risk for scoring lower on a gross motor 
developmental test than infants of normal weight (Slining et al., 2010). Another environmental 
factor that could affect infant development is sleeping position in which they awoke. Supine 
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sleepers may show delayed attainment of motor skills based on upper body strength. Prone sleepers 
have more time to strengthen the upper trunk, making skills such as rolling prone to supine an 
easier skill (Davis et al., 1998). Head circumference may also be a factor, since it has been shown 
that head size is related to infant weight and length (Nishi et al., 1992). Going forward, it is 
pertinent to therefore consider what impacts infant motor development in order to intervene and 
provide the appropriate care to infants showing slowed maturation. 
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Chapter 3: METHODS 
3.1 Ethics approval 
Ethics approval for the involvement of human participants was obtained through the 
Research Ethics Board for Health Sciences Research of the University of Western Ontario 
(Appendix A). 
3.2 Participants- Mother-infant pairs 
Post-partum women were recruited with babies younger than to eight weeks old who were 
participating in a larger clinical trial: Preventing childhood obesity: early intervention during 
pregnancy and first year postpartum for overweight and obese women using a two pronged family-
based Nutrition & Exercise Lifestyle Intervention Program (NELIP). The women from the clinical 
trial were recruited from physician/midwives offices and all had a pre-pregnancy BMI of ≥ 25 
kg/m2. Maternal consent was given in order for the maternal-infant pair to participate in the study. 
Preterm infants were excluded. 
3.3 Maternal characteristics  
At six months post-partum, the maternal-infant pair reported to the Exercise and Pregnancy 
Laboratory. Pre-pregnancy weight and gestational weight gain were reported using a Health & 
Weight Questionnaire, and height was measured to the nearest 0.1m. Pre-pregnancy BMI was 
calculated and classified based on the WHO criteria and is shown in Figure 3.1. The BMI 
classification was then compared to the Institute of Medicine (2009) pregnancy weight gain 
recommendation chart to determine whether mothers gained excessively during pregnancy.  
 
 Figure 3.1 The International Classification of adult underweight, over
according to body mass index. 
 
 
 
 
 
World Health Organization. http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
April 25, 2012.  
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crown of the head to the end of the heel to the nearest 0.1cm. Infant weight was measured with a 
digital scale, to the nearest 0.1 kg. All clothes were removed and a clean diaper was used. BMI was 
calculated by weight in kg divided by length in meters squared (kg/m²). BMI was plotted on the 
World Health Organization chart, separated by gender. An infant with a score above the 85th 
percentile, or two standard deviations above the norm, was considered to be overweight (Wilkinson 
& McCargar, 2008). An infant with a score above the 95th percentile, or three standard deviations 
above the norm, was considered to be obese (World Health Organization, 2008).  Infants were 
stratified by BMI according to the WHO as below the 85th percentile or equal to and above the 85th 
percentile.  
Head circumference was measured in centimeters around the widest part of the head. In 
order to compare head circumference in a standardized method, the head circumference value was 
cubed in centimeters, then divided by the body weight in grams (cm³/g) (Nishi et al., 1992).  
Six months of age was selected for assessment because the WHO recommends that infants 
are exclusively breastfed up to this age (World Health Organization, 2012). As well, six months 
provides an interesting snapshot into the repertoire of an infant. Many skills are starting to progress 
at this age, such as rolling over and the beginning stages of crawling (Piper & Darrah, 1994).  
3.5 Alberta Infant Motor Scale  
The Alberta Infant Motor Scale (AIMS) (Piper & Darrah, 1994) is an observational tool to 
measure development milestones in infants up to 18 months of age. It was used on a single occasion 
at six months of age. The test took roughly 30 minutes to conduct. During this time, there were 58 
items on the test that could be observed. This assessment was made by MP in the Exercise and 
Pregnancy Lab.  In order to ensure consistency, all infants were tested under the same conditions, 
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and a mat and blanket were placed under every infant. As well, every test was conducted around the 
same time in the morning. Toys were used to help stimulate the infant, and assist if skills were not 
being performed. If the infant demonstrated a skill according to the criteria given, the skill was 
observed. If the infant conducted part of the skill, the skill was considered not fully matured and 
therefore, not marked as observed (Piper & Darrah, 1994).  
Clothing was removed in order to accurately observe the movements. However, in some 
circumstances a simple one piece was left on. This was allowed as long as the clothing was fitted 
enough to be able to precisely observe the movements. The infant was first placed in the supine 
position for observation. There were a total of nine skills that could have been observed. Once the 
infant rolled into the prone position, a possible 21 skills could then be observed. If the infant could 
not roll into the prone position, the infant was placed in the prone position. The next position that 
was observed was the sitting position, and there were 12 possible skills. Finally, the infant was 
supported in the standing position, and a possible 16 skills could be observed (Piper & Darrah, 
1994).  
Following the test, the least mature observed item and the most mature observed items were 
identified for each position. The most mature item was the skill completed by the infant that was 
the highest position on the score sheet. The least mature item was the skill that the infant performed 
multiple times during the skill, and was considered to be a less mature skill. These identified skills 
were regarded as the motor window of assessment. Lower level skills that were observed briefly but 
were significantly less mature than the rest of the motor skill repertoire were not included (Piper & 
Darrah, 1994).  
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The test was scored using a points system. One point was given for each skill below the 
motor window because it was assumed that the infant surpassed those skills and was now more 
mature. Points were then given for each skill observed within the defined motor window for each 
infant (Piper & Darrah, 1994). The points were added together to obtain an AIMS score. This score 
was plotted on a graph, along with the infant age to determine the percentile rank.  A “corrected 
age” was used to make sure that an older infant did not have an advantage. This was calculated by 
taking the date of the assessment and subtracting the birth date. For every additional week to their 
age, for example, six months and one week, the age point on the x axis was moved a grid point. If 
the age was not precisely in a one week increment the age was rounded accordingly. The AIMS 
score was plotted on the y axis. The point at which they intersected determined their percentile 
(Piper & Darrah, 1994). Throughout the following study, the AIMS score represents the infant’s 
percentile.  
3.6 Validity  
 Prior to testing, the student researcher (MP) and an assistant (JM) were trained to use the 
Alberta Infant Motor Scale by an AIMS expert (Dr. Doreen Bartlett, who has vast knowledge of the 
test and helped to develop the tool). MP and JM practiced conducting the test on the same four 
infants, and these results showed 100% overall agreement.  In order to ensure the Alberta Infant 
Motor Scale test (Piper & Darrah, 1994) was correctly administered, after the practice sessions, a 
criterion test was conducted, on one infant, to assess the degree of agreement among MP and Dr. 
Doreen Bartlett to ensure validity of the testing. Testing the same infants, MP compared her 
evaluation to Dr. Bartlett. There was an overall percent agreement of 96% (Appendix E).  
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3.7 Statistical analysis  
              Statistical analyses were performed using SigmaPlot 12.0 and SAS 9.2. Infant 
characteristics, maternal characteristics, sleep position, infant head circumference, and 
breastfeeding habits were compared between groups, stratified to those infants below the 85th 
percentile and those infants equal to and above the 85th percentile for BMI (Wilkinson & McCargar, 
2008), using a student’s t-test. The AIMS scores were compared between the two stratified infant 
groups using a student’s t-test. Factors that were found to be significant between groups were 
analysed further with a single and multiple regression analyses to predict and control for 
confounding factors. Correlation coefficient analyses were also run to examine the relationship 
between AIMS scores and BMI, controlling for confounding factors. Statistical significance was 
accepted as p ≤ 0.05. Cohen’s d was used to determine effect size for maternal factors. An effect 
size from 0 to 0.2 is considered a small effect size, 0.2-0.5 is a moderate effect size and over 0.5 is a 
large effect size (Cohen, 1988). Participants characteristics are presented as mean ± standard 
deviation (SD).  
3.7.1 Sample size calculation  
               The sample size calculation used was 16*s²/d² + 1, where s is the standard deviation of 
individual measurements and where d is the expected difference between means (Dallal, 1997). A 
value of 15 was used for s, and 25 for d (half of the average percentile). Seven participants were 
needed per group.  
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Chapter 4: RESULTS 
4.1 Participants 
 Seventeen mother-infant pairs participated in the study. Nine infants were found to be 
overweight, one obese, and eight were normal weight. All participants were Caucasian. Baseline 
characteristics of the infants are described in Table 4.1. Maternal baseline characteristics are 
described in Table 4.2. Infants below the 85th percentile (normal weight) and infants equal to and 
above the 85th percentile (overweight) were significantly different in infant weight and BMI at six 
months.  
4.2 Maternal factors                  
 
Infant BMI at birth and six months (kg/m²) relative to maternal characteristics are shown in 
Table 4.3. Overweight and obese women pre-pregnancy did not have heavier infants at birth 
(p=0.38), and the effect size was .048. Individualized data of infant birth BMI and their respective 
maternal pre-pregnancy BMI are shown in Figure 4.1. Overweight and obese women pre-pregnancy 
did not have heavier infants at six months (p=0.87) and the effect size was 0.08. Individualized data 
of infant BMI at six months and their respective maternal pre-pregnancy BMI is shown in Figure 
4.2. Mothers who gained more than the recommended amount of gestational weight according to 
the IOM did not have heavier infants at birth (p=0.36) and the effect size was 0.44. Individualized 
data of infant BMI at birth and the amount of weight gained during pregnancy is shown in Figure 
4.3. Mothers who gained more than the recommended amount of gestational weight according to 
the IOM did not have heavier infants at six months (p=0.17) and the effect size was 0.68. 
Individualized data of infant BMI at six months and the amount of weight gained during pregnancy 
is shown in Figure 4.4. Infants who were not exclusively breastfed until six months were not  
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Table 4.1 Baseline characteristics of infants at birth and at six months 
Below 85th percentile at six     
                  months 
¹At or above 85th  
percentile  
at six months 
 
N 8 10 
 
Male 4 4 
 
Birth weight, kg 3.7 ± 0.6 3.6 ± 0.3 
 
Birth length, m 0.5 ± 0.4 0.5 ± 0.2 
 
Birth body mass index, kg/m² 13.1 ± 1.2 14.6 ± 3.0 
 
Age at measurement, weeks 27.5 ± 1.9 26.3 ± 1.9 
 
Weight, kg 7.7 ± 0.7 8.5 ± 0.5* 
 
Length, m 0.7 ± 0.02 0.7 ± 0.02 
 
Body mass index, kg/m² 17.1 ± 0.9 19.9 ± 0.7* 
 
Head circumference, cm 43.5 ± 1.6 44.4 ± 1.5 
 
Head circumference, cm³/g 10.8 ± 1.1 10.3 ± 1.2 
 
Exclusively breastfed until six 
months 
Male 4 2 
Female 1 4 
 
²Prone sleepers 
Male 3 0 
Female 4 1 
 
Values are presented as the mean ± SD 
*Statistically different, p<.05 
Kg, kilograms; m, meters; cm, centimeters; g, grams. 
¹ One female infant was found to be obese  
² Prone position is the infant position upon awakening 
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Table 4.2 Maternal baseline characteristics relative to infant body mass index below (normal 
weight) and at or above the 85th percentile (overweight) at six months of age 
 
Below 85th 
percentile 
At or above  
85th percentile 
 
Maternal pre-pregnancy weight, kgs 74.7 ± 18.3 81.4 ± 24.0 
 
Maternal height, m 1.7 ± 0.1 1.7 ± 0.05 
 
Maternal pre-pregnancy body  
mass index, kg/m² 25.8 ± 6.1 29.9 ± 8.8 
 
Maternal gestational weight gain, kg 15.2 ± 4.1 14.0 ± 4.1 
 
Maternal weight at six months  
post-partum, kg 77.7 ± 18.8 84.2 ± 25.5 
 
Maternal body mass index at six  
months post-partum, kg/m² 27.2 ± 6.0 30.8 ± 8.9 
 
Values are presented as the mean ± SD 
Kg, kilograms; m, meters 
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Table 4.3 Infant body mass index (BMI) at birth and six months relative to maternal characteristics  
Birth BMI 
 
BMI at six 
months 
 
Normal Weight Pre-pregnancy 6.0 ± 0.5 8.4 ± 0.2 
N 
      Male  3 3 
      Female 5 5 
 
Overweight/Obese Pre-pregnancy 6.5 ± 1.4 8.5 ± 0.9 
N 
      Male  5 5 
      Female 5 5 
 
Under GWG Recommendations 6.6 ± 1.2 8.7  ± 0.7 
N 
      Male  2 2 
      Female 6 6 
 
Over GWG Recommendations 6.1 ± 1.0 8.2 ± 0.7 
N 
      Male  6 6 
      Female 4 4 
 
GWG – gestational weight gain; Recommendations based on Institute of Medicine (2009) for BMI 
pre-pregnancy category.  
Values are presented as the mean ± SD 
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Figure 4.1 Maternal pre-pregnancy body mass index (BMI; kg/m²) compared to infant birth body 
mass index (kg/m²). The pink line represents the 85th percentile for girls and the blue line represents 
the 85th percentile of birth weight for boys as depicted by the World Health Organization 
(Wilkinson & McCargar, 2008). The Black line represents 25kg/m², which is considered an 
overweight BMI for adults (World Health Organization, 2012). Symbols coloured blue represents 
male infants, and symbols coloured in pink represents female infants.  
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Figure 4.2 Maternal pre-pregnancy body mass index (BMI; kg/m²) compared to infant body mass 
index (kg/m²) at six months. The pink line represents the 85th percentile of weight for girls and the 
blue line represents the 85th percentile of weight for boys at six months as depicted by the World 
Health Organization (Wilkinson & McCargar, 2008). Black line represents 25kg/m², which is 
considered an overweight BMI for adults (World Health Organization, 2012). Symbols coloured 
blue represents male infants, and symbols coloured in pink represents female infants.  
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Figure 4.3 Gestational weight gain (kg) compared to infant birth body mass index (BMI; kg/m²). 
The pink line represents the 85th percentile for girls and the blue line represents the 85th percentile 
of birth weight for boys as depicted by the World Health Organization (Wilkinson & McCargar, 
2008).  Symbols coloured blue represents male infants, and symbols coloured in pink represents 
female infants.  
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heavier than those who were exclusively breastfed (p=0.96) and is shown in Figure 4.5. The effect 
size was 0.08. Infants who were fed complementary foods prior to six months were not heavier than 
those who were first introduced to complementary foods at six months (p=0.29). Neither pre-natal 
nor post-natal factors had an effect on infant development.  
4.3 Infant characteristics  
Head circumference was not significant between the overweight and the normal weight 
infant groups, p=0.46 with an effect size of 0.34. Figure 4.6 presents the scores obtained on the 
AIMS test (Piper, 1994) in percentile of infants below or equal to and above the 85th percentile 
based on the WHO growth chart standards. The average AIMS scores relative to infant body mass 
index at six months and the position in which they awoke are shown in Table 4.4. Overweight 
infants scored lower on the AIMS test (p=0.05, effect size 0.7) and infants who woke up in the 
supine position scored lower on the AIMS test (p=0.05, effect size 0.7). Single regression analysis 
showed that BMI was a predictor of AIMS score (t=-3.29; p=0.005) and this relationship continued 
when BMI was stratified between normal weight and overweight infants at 6 months (t=-2.17; 
p=0.05). Sleep position was not a predictor of AIMS scores (t=1.67; p=0.11). Multiple regression 
analysis showed that BMI remained a predictor of AIMS scores after adjusting for sleep position 
(t=-2.53; p=0.02), however, when BMI was stratified by normal weight and overweight, BMI was 
not a predictor for AIMS scores after adjusting for sleep position (t=-1.31; p=0.21). A negative 
correlation was found between BMI and AIMS scores after adjusting for sleep position (r=-0.55; 
p=0.02). 
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Figure 4.4 Gestational weight gain (GWG; kg) compared to infant body mass index (BMI; kg/m²) 
at six months. The pink line represents the 85th percentile for girls and the blue line represents the 
85th percentile of birth weight for boys as depicted by the World Health Organization (Wilkinson & 
McCargar, 2008). Symbols coloured blue represents male infants, and symbols coloured in pink 
represents female infants.  
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Figure 4.5 Average infant body mass index (BMI; kg/m²) at six months based on  
breastfeeding status. p=0.96 
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Figure 4.6 Infant body mass index (BMI) below and equal to and above the 85th percentile from the 
World Health Organization growth charts for six months based on gender. The pink line represents 
the 85th percentile for girls and the blue line represents the 85th percentile of birth weight for boys 
as depicted by the World Health Organization (Wilkinson & McCargar, 2008). Symbols coloured 
blue represents male infants, and symbols coloured in pink represents female infants.  
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Table 4.4 Average Alberta Infant Motor Scale (AIMS) scores relative to infant body mass index at 
six months below (normal weight) and at or above the 85th percentile (overweight) and sleep 
position  
______________________________________________________________________________ 
Below 85th 
percentile 
At or  above 85th 
percentile 
Supine 
sleepers 
Prone 
sleepers 
Average AIMS 
score 29.4 ± 17.8* 15.5 ± 8.6 15.5 ± 8.6 29.4 ± 17.8* 
Values are presented as the mean ± SD 
*Significantly different between groups (p≤0.05) 
Comment: Values were the same for both position in which they awoke and BMI classification 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
46 
 
 
 
Chapter 5: DISCUSSION 
 The main purpose of the present study was to explore the relationship between overweight 
infants and gross motor development. Two important findings were found. Firstly, as infant BMI at 
six months increased the AIMS scores decreased after adjusting for position in which they awoke. 
Secondly, overweight infants and infants that woke up in the supine position scored lower on the 
Alberta Infant Motor Scale (AIMS) test than those who woke up in the prone position. A strength 
of the current study was that few studies have been conducted investigating the relationship 
between overweight infants and motor development (Slining et al., 2010) and none examined 
sleeping position.  
 The findings of the present study support the dynamic systems theory. According to the 
theory, it is an open system and information from the surrounding environment can affect 
development. Since the dynamic systems theory is non-linear, each subsystem develops at a 
different rate. In order for a skill to progress, multiple subsystems need to be fully developed   
(Thelen, 1995). Development is not exclusively influenced by one subsystem, eg., the nervous 
system, but with a combination of interactions between the infant and the environment. Such 
factors include degree of motivation, positioning and muscle strength that contribute to motor 
behaviour (Thelen, 1995). Therefore, the interaction between the infant and a surplus of weight 
could be hindering the infant from being able to develop as rapidly as an infant without the added 
weight. This added weight could also be considered an organismic constraint. This constraint could 
be inhibiting the progression of motor development, since a surplus of weight is a physical 
characteristic. If infant development was just based on the nervous sub-system alone, as stated by 
the maturational approach, the added weight would not be a factor in the rate at which development 
progressed and overweight infants would not score lower on a gross motor developmental test.  
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5.1 Sleep position  
Following the “back to sleep” campaign in 1994, it was advised that infants should sleep in 
the supine position in order to prevent sudden infant death syndrome (SIDS). SIDS is an 
unexpected death under the age of one (Willinger et al., 2000). While there was a decline in the 
incidence of SIDS, studies were beginning to see a delayed acquisition of motor milestones as a 
result of this change in sleeping position (Willinger et al., 2000). In the present study, it was 
reported that infants who woke up in the supine position scored lower on the AIMS test. While 
there is a debate as to whether there is an association between sleeping position and motor 
development (Carmeli et al., 2009), one study that did find an association was based on parental 
reports for determining whether an infant reached a milestone (Davis et al., 1998). The findings of 
the present study provide stronger support for the association of sleeping position and 
developmental assessment, since a trained individual did the AIMS scoring, and was not subject to 
bias, unlike a parental reported test for development. The relationship between sleep position and 
infant development should be explored further to determine long term effects.  
These findings could also support the dynamic systems theory and the importance of the 
musculoskeletal system. Those sleeping in the prone position have more opportunity to develop 
muscles in their upper trunk (Thelen, 1995). The added strength can allow for the progression of 
skills such as sitting. The increased opportunity to strengthen the upper extremity muscles allowed 
for the progression of skills to develop more rapidly (Thelen, 1995). The findings strengthen the 
notion that environment, and not only the nervous system, has an effect on infant development. 
However, it must be emphasized that this difference in motor development acquirement is not a 
reason for parents or pediatricians to abandon sleep recommendations.  
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5.2 Prenatal factors 
 Pre-pregnancy BMI has been associated with high birth weight and higher rates of obesity 
in early life (Frederick et al., 2008). However, in the present study, there were no significant 
difference between normal weight women pre-pregnancy and overweight women pre-pregnancy 
and infant birth weight. A possible limitation to the present study that could explain the difference 
between the findings in the literature includes a maternal self reported weight prior to pregnancy. 
Self reported weight measures can underestimate the prevalence of overweight and obese women, 
and therefore underestimate the possibility of an association (Brunner, 2007). While no difference 
was found, it was interesting to note that all mothers who were normal weight (under 25 kg/m²) had 
infants who were born in the normal weight range.  
Excessive gestational weight gain (GWG) has been linked to higher infant birth weights, as 
well as childhood obesity (Crozier et al., 2010). In the present study, the results were not consistent 
with the literature. However, the effect size of the relationship between GWG and birth weight 
showed a small effect, while at six months showed a medium effect. While significance was not 
reached, the effect size shows that there is strength to the relationship (Cohen, 1988). Perhaps with 
a bigger sample size, a difference could have been detected.  
Previous studies that have found an association between excessive GWG and higher 
adiposity in infants and children used fat mass as an outcome measure as opposed to BMI (Crozier 
et al., 2010). A possible limitation in the present study is the use of BMI as a surrogate measure for 
infant adiposity. When measuring BMI in infants and children, an overweight BMI could be a 
result of either fat or fat-free mass (bone, skeletal muscle) (Centers for Disease Control and 
Prevention, n.d.).  However, according to the CDC, BMI is a reasonable indicator of body fatness 
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and can be used as a surrogate measure for infant adiposity (Centers for Disease Control and 
Prevention, n.d.).  
5.3 Postnatal factors 
 It has been shown that breastfeeding has a protective role against obesity in children 
(Gillman et al., 2001), yet only 40% of infants under six months are exclusively breastfed (World 
Health Organization, 2012). According to the WHO (2012), not only does exclusive breastfeeding 
lower rates of obesity for adults, but adults who have been breastfed exclusively for six months as 
an infant often have lower blood pressure and cholesterol.  In the present study, exclusively 
breastfed infants and formula fed infants had a similar mean BMI at six months. This is consistent 
with the literature, stating that at six months growth is similar between formula fed and breastfed 
infants (de Onis et al., 2007). It is following six months that the weight of breastfed infants begins 
to decelerate (de Onis et al., 2007). In order to determine whether exclusive breastfeeding reduces 
the risk of obesity, a follow-up assessment would be needed. According to Gillman et al. (2001), 
the protective role may be long term and not just during infancy. It was found that even at the age 
of 14 years old exclusive breastfeeding had a lasting role against obesity (Gillman et al., 2001).  
 The WHO suggests that complementary foods should be introduced at six months in order 
to prevent a weight gain effect (World Health Organization, 2012). Complementary foods are 
defined as “the process starting when breast milk alone is no longer sufficient to meet the 
nutritional requirements of infants, and therefore other foods and liquids are needed, along with 
breast milk” (Dewey, 2001). Six months is considered the standard because it is at that point where 
breast milk can no longer provide all of the nutrients needed for the growing infant (Dewey, 2001). 
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The findings of the present study found no difference between infant BMI and the timing of the 
introduction to complementary foods.  
5.4 Head circumference  
 It has been found that head circumference is highly correlated to body size at six months; 
therefore a bigger infant is more likely to have a bigger head (Illingworth & Eid, 1971). In the 
present study, no association was found between head circumference and overweight infants. 
Conceivably, given that there was only one obese infant in the sample, it would possibly be more 
difficult to observe a trend and thus a larger sample size of overweight and obese infants is needed.  
5.5 Conclusions 
 At six months, infants who awoke in the supine position scored lower on the AIMS test than 
those who awoke in the prone position. Overweight infants scored lower on the AIMS test than 
normal weight infants, even after controlling for sleep position. There was no difference in BMI or 
AIMS scores at six months between infants who were exclusively breastfed until six months and 
infants who were formula fed, or in those infants introduced to complementary foods prior to six 
months. In addition, the overweight status in infants at birth and six months were not related to 
maternal factors, such as an overweight or obese pre-pregnancy weight or excessive gestational 
weight gain over the Institute of Medicine recommendations and did not affect scores on the AIMS 
test.  
5.6 Future directions 
It is suggested for future research that the motor development of overweight infants should 
be investigated up to the age of 18 months using the AIMS to verify whether the pattern shown in 
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the first six months of child development will remain the same or change, while also examining 
sleep position. Prevention strategies are needed to impede an increased prevalence of infant obesity. 
In utero and early infancy are critical periods that may program future obesity risk (Wilkinson & 
McCargar, 2008). Intervening during these critical periods can help to prevent adverse health 
outcomes, and also avert slow maturation. If infant obesity cannot be prevented, recognizing 
whether weight status continues to affect development has important future implications for parents 
and health care providers. Support can be provided for early identification of infants at risk, and the 
development of appropriate intervention strategies.  
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